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57 ABSTRACT 

A semiconductor integrated circuit device has a first 
internal voltage controlling circuit which lowers an 
external power source voltage and produces a predeter 
mined internal power source voltage. The device fur 
ther has a second internal voltage controlling circuit 
formed by an internal-voltage drop detection circuit for 
detecting the lowering of the internal power source 
voltage from a predetermined reference voltage and a 
switching circuit for causing the external power source 
voltage to be directly connected to an internal voltage 
output terminal based on an output from the internal 
voltage drop detection circuit. The internal power 
source voltage is maintained close to the required value 
thereby preventing a deterioration of circuit perfor 
mance even when the external power source voltage 
drops close to the internal power source voltage. 

3 Claims, 3 Drawing Sheets 
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FIG. 2 PRIOR ART 
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SEMCONDUCTOR INTEGRATED CRCUIT 
DEVICE WITH INTERNAL VOLTAGE 

CONTROLLING CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor 

integrated circuit device, and more particularly to a 
semiconductor integrated circuit device such as a large 
scale memory device which has an internal voltage 
controlling circuit for lowering an externally supplied 
voltage to produce an internal power source voltage. 

2. Description of the Related Art 
In recent years the degree of integration of semicon 

ductor integrated circuit devices has advanced remark 
ably and, along with this, the transistor which is used as 
an active element therein has been dramatically minia 
turized. The higher degree of integration of circuits is 
accompanied by problems such as the occurrence of hot 
carriers caused by an increase in internal electric fields 
and the decrease in the reliability of insulation oxide 
films and, in order to solve these problems, it is usual to 
lower the power source voltage. Since the externally 
supplied voltage is normally 5 V, a means employed for 
internally lowering the external power source voltage is 
to internally provide an internal voltage controlling 
circuit in a semiconductor integrated circuit device, 
whereby the required voltage, for example, 3 V is ob 
tained. 
A conventional semiconductor integrated circuit 

device of the kind explained above is equipped with an 
internal voltage controlling circuit 10 which includes, 
as shown in FIG. 1A, a differential circuit 2 constituted 
by a plurality of transistors T11-T14 for detecting the 
difference between a reference voltage VREF and an 
internal voltage VINT, an output P-channel MOS tran 
sistor T1, and a transistor T2 as the current source for 
the differential circuit 2. 
More specifically, the differential circuit 2 is a known 

circuit and includes the two N-channel MOS transistors 
T11 and T12 which are differentially connected and 
receive at their gates the internal voltage VINT and the 
reference voltage VREF, respectively, and the two P 
channel MOS transistors T13 and T4 which form a 
current-mirror circuit and function as load elements for 
the transistors T11 and T12, respectively. 

Next, the operation of the conventional semiconduc 
tor integrated circuit device described above is ex 
plained. 

In the internal voltage controlling circuit 10, when 
the internal power source voltage VINT applied to the 
gate of the transistor T11 becomes higher than the refer 
ence voltage VREF applied to the gate of the transistor 
T12 of the differential circuit 2, the drain current of the 
transistor T11 increases and the drain current of the 
transistor T12 decreases. On the other hand, since the 
transistors T13 and T14 functioning as the load ele 
ments for the transistors T11 and T12 constitute the 
current-mirror circuit, the transistor T14 operates so as 
to hold its drain current to the current value of the 
transistor T13 at the current inputside and, as a result, 
the output voltage at the drain side of this transistor T14 
rises. Accordingly, the gate potential of the output tran 
sistor T1 also rises, which means that, since the poten 
tial drops with respect to the source side of the transis 
tor T1, the drain potential seen from the source side of 
the transistor T1 is caused to rise thereby lowering the 
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2 
output current. That is, the output voltage is lowered 
with reference to ground. 
On the contrary, it can be readily understood that, 

when the internal power source voltage VINT becomes 
lower than the reference voltage VREF, the output volt 
age rises due to the operation being the opposite of that 
explained above. 

FIG. 1B shows a second example of the conventional 
semiconductor integrated circuit device having an in 
ternal voltage controlling circuit 20 in which, at the 
output side of the differential circuit 2, there is further 
provided a P-channel MOS transistor T3 connected to 
an external power source VC and in which the activat 
ing signal CA is applied to the gate of the transistor T3 
and the gate of the transistor T2 which acts as the cur 
rent source for the differential circuit 2. 

In the internal voltage controlling circuit 20 of the 
second example of the conventional semiconductor 
integrated circuit device, only the transistor T3 is acti 
vated where the current supply capability may be small 
as in a stand-by state. The transistor T3 operates as a 
voltage drop circuit in which power consumption is 
small. Under normal operation, the overall circuit is 
activated by having the transistor T2 activated while 
the transistor T3 inactivated, so that a large current 
supply capability may be obtained. 

FIG. 2 is a graph showing output voltage characteris 
tics of the internal power source voltage VINT with 
regard to the external power source voltage VC in the 
conventional semiconductor integrated circuit device. 
As shown in the graph, when the external power source 
voltage VC becomes is high or higher than the refer 
ence voltage VREF, the internal power source voltage 
VINT becomes a constant voltage equal to the reference 
voltage VREF, 
A problem in the conventional integrated circuit 

device explained above is that, when the external power 
source voltage drops to the neighborhood of the inter 
nal power source voltage, a voltage across the drain/- 
source the output transistor of the internal voltage con 
trolling circuit becomes small and, as a consequence, 
the current supply capability becomes poor resulting in 
a marked drop in the internal power source voltage and 
in deterioration of circuit performance. These are prob 
lems in the conventional semiconductor integrated cir 
cuit device, which are to be solved by the present inven 
tion. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to over 
come the problems in the conventional devices and to 
provide an improved semiconductor integrated circuit 
device having an internal voltage controlling circuit in 
which the internal power source voltage is prevented 
from being largely lowered even when the external 
power source voltage drops close to the internal power 
source voltage. 
According to one aspect of the invention, there is 

provided a semiconductor integrated circuit device 
having a first internal voltage controlling circuit which 
lowers an external power source voltage supplied 
through an external voltage input terminal and pro 
duces at an internal voltage output terminal a predeter 
mined internal power source voltage, the semiconduc 
tor integrated circuit device further having a second 
internal voltage controlling circuit comprising: 
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an internal-voltage drop detection circuit which de 
tects when the internal power source voltage pro 
duced by the first internal voltage controlling cir 
cuit becomes lower than a predetermined reference 
voltage; and 

a switching circuit which is caused to be conductive 
by an output signal from the internal-voltage drop 
detection circuit so that the external power source 
voltage is directly supplied to the internal voltage 
output terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will be apparent from the foll 
lowing description of a preferred embodiment of the 
invention explained with reference to the accompany 
ing drawings, in which: 

FIG. 1A is a circuit diagram showing a first example 
of a conventional semiconductor integrated circuit de 
vice of the kind to which the present invention relates; 
FIG. 1B is a circuit diagram showing a second exam 

ple of a conventional semiconductor integrated circuit 
device of the kind to which the present invention re 
lates; 
FIG. 2 is a graph showing output characteristics 

representative of an example of the performance of the 
conventional semiconductor integrated circuit device; 
and 
FIG. 3 is a circuit diagram showing a semiconductor 

integrated circuit device of an embodiment according 
to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Now, an embodiment of the invention is explained 
with reference to the accompanying drawings. It is to 
be noted that, throughout the following explanation, 
similar reference symbols or numerals refer to the same 
or similar elements in all the figures of the drawings. 
As shown in FIG. 3, the semiconductor integrated 

circuit device of the embodiment according to the in 
vention has two large circuit blocks as an internal volt 
age controlling circuitry, namely, a first internal voltage 
controlling circuit 20 having a stand-by function with 
the same circuit configuration as that of the second 
example of the conventional circuit explained above, 
and a second internal voltage controlling circuit 30 
which goes into operation when the external power 
source voltage drops. 
More specifically, the second internal voltage con 

trolling circuit 30 comprises resistors R1 and R2 con 
nected in series for producing a threshold voltage V TH 
by dividing a reference voltage VREF, a differential 
circuit 3 formed by a plurality of transistors T31-T34 
for detecting the difference between the threshold volt 
age VTH and the internal voltage VINT, two stage in 
verters IN1 and IN2 for amplifying the output voltage 
from the differential circuit 3, an output P-channel 
MOS transistor T4 as a switching circuit, and a transis 
tor T5 as a current source for the differential circuit 3. 
If the stand-by function is required to this second inter 
nal voltage controlling circuit 30, a P-channel MOS 
transistor T6 may further be connected between the 
external voltage input terminal VC and the input node 
of the inverter IV. 
The differential circuit 3 is a known circuit in which 

the N-channel MOS transistors T31 and T32 receiving 
at their gates the internal voltage VINT and the thresh 
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4. 
old voltage VTH, respectively, constitute a differentially 
operating circuit, and the P-channel MOS transistors 
T33 and T34 functioning as load elements for the tran 
sistors T31 and T32 constitute a current-mirror circuit. 
Now, the operation of the circuit according to this 

embodiment is explained. 
Firstly, under normal operation, that is, when the 

external power source voltage VC is sufficiently higher 
than the internal power source voltage VINT, the first 
internal voltage controlling circuit 20 operates as ex 
plained for the conventional circuit with reference to 
FIG. 1B and outputs to an internal voltage output ter 
minal TOUT a predetermined internal power source 
voltage VINT, for example, 3 V. 

Next, when the external power source voltage VC 
drops resulting in the lowering of the internal power 
source voltage VINT, in place of the first internal volt 
age controlling circuit 20, the second internal voltage 
controlling circuit 30 which goes into operation when 
the internal voltage VINT drops starts operating as ex 
plained hereinafter. That is, when the internal power 
source voltage VINT becomes the same or lower than 
the threshold voltage V THresulting from the division of 
the reference voltage VREFby the series dividing resis 
tors R1 and R2, the output voltage of the differential 
circuit 3 rises in the same way as the differential circuit 
2 in the first internal voltage controlling circuit 20 oper 
ates. A change in the voltage corresponding to the rise 
in the differential circuit output voltage is amplified by 
the two-stage inverters IN1 and IN2 and the resulting 
voltage becomes a switching voltage VSW which has an 
amplitude approximately equaling to the external 
power source voltage VC. The switching voltage VSw 
causes the transistor T4 as the switching circuit to turn 
on so that the external power source voltage VC is 
directly outputted to the output terminal TouT as the 
internal power source voltage VINT. 
The threshold voltage VTHis set to a level at which, 

when the external power source voltage VC is normal, 
the threshold voltage VTH does not produce the switch 
ing voltage VSW so that the transistor T4 is kept in its 
OFF-state whereas, when the external power source 
voltage VC drops and the internal power source volt 
age VINT is significantly lowered, the threshold voltage 
VTH does produce the switching voltage VSpy so that 
the transistor T4 is caused to turn ON. The threshold 
voltage VTH thus set is, for example, 0.25 V. 
As explained above, the semiconductor integrated 

circuit device according to the invention is provided 
with the internal-voltage drop detection circuit for 
detecting the lowering of the internal power source 
voltage from a predetermined threshold value and with 
the switching circuit for directly supplying the external 
power source voltage to the internal voltage output 
terminal based on the output of the internal-voltage 
drop detection circuit. Thus, the advantage achieved is 
that, since the lowering of the internal power source 
voltage is made small even when the external power 
source voltage drops close to the internal power source 
voltage, it is possible to prevent malfunctioning of the 
circuit. 
While the invention has been described in its pre 

ferred embodiment, it is to be understood that the words 
which have been used are words of description rather 
than limitation and that changes within the purview of 
the appended claims may be made without departing 
from the true scope and spirit of the invention in its 
broader aspects. 
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What is claimed is: 
1. A semiconductor integrated circuit device having a 

first internal voltage controlling circuit which lowers 
an external power source voltage supplied through an 
external voltage input terminal and produces at an inter 
nal voltage output terminal a predetermined internal 
power source voltage said semiconductor integrated 
circuit device further having a second internal voltage 
controlling circuit comprising: 

an internal-voltage drop detection circuit which de 
tects when said internal power source voltage pro 
duced by said first internal voltage controlling 
circuit becomes lower than a predetermined refer 
ence voltage, said internal-voltage drop detection 
circuit including a differential circuit whose output 
voltage changes when said internal power source 
voltage becomes lower than a predetermined 
threshold voltage, an inverter circuit which ampli 
fies changes in the output voltage from said differ 
ential circuit to produce a switching output, and a 
threshold voltage setter for establishing said prede 
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6 
termined threshold voltage from said predeter 
mined reference voltage; and 

a switching circuit which is caused to be conductive 
by said switching output from said inverter circuit 
so that said external power source voltage is di 
rectly supplied to said internal voltage output ter 
minal. 

2. A semiconductor integrated circuit device accord 
ing to claim 1, in which said switching circuit comprises 
a transistor which is between said external voltage input 
terminal and said internal voltage output terminal and 
which is controlled to be conductive or nonconductive 
according to said switching output from said inverter 
circuit applied to a gate of said transistor. 

3. A semiconductor integrated circuit device accord 
ing to claim 1, in which said threshold voltage setter 
comprises a voltage dividing network formed by two 
resistors connected in series between said predeter 
mined reference voltage and a ground, said threshold 
voltage being derived from a junction node between 
said two resistors. 

k s s: 


